The linear stability of exothermic autocatalytic reaction fronts is considered using the viscous thermohydrodynamic equations for a fluid with finite thermal diffusivity. For upward front propagation and a thin front, the vertical thermal gradient near the front is reminiscent of the Rayleigh-Benard problem of a fluid layer heated from below. The problem is also similar to flame propagation, except that here the front propagation speed is limited by catalyst diffusion rather than by activation kinetics. For small density changes in a laterally unbounded system, the curvature dependence of the front propagation speed stabilizes perturbations with short wavelengths A, (A, "whereas long wavelengths are unstable to convection. The critical wavelengths A, , are calculated and compared with experiments and with theoretical results for a similar problem that is driven by a Rayleigh-Taylor instability arising from a discontinuous density difference at the reaction front.
I. INTRODUCTION Autocatalytic reaction fronts are of interest in many fields. In systems such as iodate-arsenous-acid mixtures, the front converts unreacted fluid at one density into a reacted fluid at a different density. This conversion results in the release of heat due to the exothermic nature of the reaction. Experimental work on such systems [1] has demonstrated the existence of fronts with constant curvature, moving at constant speeds. The curvature of these fronts is due to the presence of steady convective fluid motion near the reaction front. The convective motion is due to the hydrodynamic instability of the system. The instability may arise from either or both of the following sources. (1) The instability may be caused by the density difference between the reacted and unreacted Quids. With the arsenous-acid system, the reacted Quid has a lower density than the unreacted fluid if measured at the same reference temperature.
When ascending fronts are considered, this density difference results in the lighter (reacted) fluid being below the heavier (unreacted) fluid, setting up an instability which is similar to the classical Rayleigh-Taylor instability. (2) The hydrodynamic instability can also be caused by thermal effects. Since the chemical reaction is exothermic, the front is the location of what can be considered to be a heat source. When upward propagating fronts are considered, this heat source results in the fluid far below the front being at a higher temperature than the fluid far above the front. If the temperature difference is large enough, the density gradients caused by the thermal gradients can result in a Rayleigh-Benard-like instability. Depending on the physical system of interest, either one or both of these causes of instability can be important.
In a recent work [2] the authors considered a problem involving zero and infinite thermal diffusivity with the reacted fluid density being less than that of the unreacted fluid. This corresponds to the instability described in case (1) above. The goal of this work is to consider case (2) , when the instability is due solely to thermally induced density gradients, and not to the isothermal density differences of the Quids. Thus in this work we shall assume that at some reference temperature, the densities of the reacted and unreacted fluids are the same; this results in all density differences being due to the temperature gradients near the front.
II. EQUATIONS OF MOTION
The equations governing the propagation of autocatalytic reaction-diffusion fronts have been derived previously [2] . We now review the basic assumptions made in this derivation.
We consider the reaction front to be very thin. Studies have shown the reaction front thickness to be much less than the thermal front thickness (7X10 cm as compared to 0.5 cm) [2] . This thickness of the reaction front is also small compared to the diameter of the tubes used in these studies, which are typically on the order of 0.1 cm. The thin reaction front approximation can then be justified since this thickness is small compared to the other length scales in the problem. Similar approximations have been used in the study of flame propagation [3 -7] .
Since we are treating the front as a heat source, conservation of energy requires that the temperature gradient change discontinuously at the front while the temperature itself is continuous.
The Under these assumptions, the governing system of equations becomes [2] V +(V V)V= -ga(T, -T)z -VP"+vVV, T(x, t) = vcog 'a 'Dr 8(x*,t '), P"(x, t) =p, cop(x*, t'), [3 -6] . These equations also differ substantially from a set of equations for viscous flame propagation in a boundary-layer approximation (Ref. [7] ).
To obtain useful jump conditions, we must relate the jump conditions at the front, Eqs. (4e) -(4j), to jump conditions which can be imposed at z =0, as has been done in similar problems [10] . To do this, we shall, for an arbitrary function g', use a Taylor A laterally unbounded system represents the simplest nontrivial geometry in which to study convection for autocatalytic systems. Below we shall develop this calculation for the system when the instability is driven by thermal gradients (as is the case with the classical Rayleigh-Benard problem). This will result in the calculation of a critical wavelength below which the front is stable to perturbations (resulting in a flat propagating reaction front). This critical wavelength can then be compared with that found when the problem involves a discontinuous density for these autocatalytic systems [2] .
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Applying these results to Eqs.
where we have used the fact that h ' '=0. Examining this relation we see that the zero-order jump is of the form: A, with traces 1, 2, and 3 corresponding to %=989
(same as trace 1, Fig. 1 As can be seen in Fig. 1 , trace 1 tails out as it approaches a zero growth rate. A possible explanation of this behavior is the following. Figure 6 shows a typical interface with several normals to the surface drawn in.
The instability of the planar front is due to density differences caused by thermal gradients. This leads to the potentially unstable state of a higher density fiuid above a lower density fluid. The perturbed interface (Fig. 6 ) results in additional temperature effects. In the region where the interface is concave down, heat Qux in the normal direction tends to diffuse the heat produced by the reaction, while regions where the interface is concave up tend to concentrate the produced heat. This concentration heats the fluid above the front resulting in expansion of the Quid. This heating effect partially counters the effect of the thermal gradients which gave rise to the instability. This effect becomes significant for small wavelengths, where it may produce the observed tail on the o versus q plot.
Since trace 1 of Fig. 1 be valuable when the problem including both the density discontinuity and finite thermal diffusivity is studied.
